Introduction 61
In primates, working memory function depends on activity in a distributed network of cortical 62 areas (Leavitt et al., 2017; Dotson et al., 2018) . Within this network, sensory and association 63 areas display different activity patterns during working memory tasks, reflecting the 64 transformation of sensory input into a behavioral response across a delay (Christophel et al., 2019). These regional differences might reflect the hierarchy of activity timescales observed 69 in the primate neocortex (Murray et al., 2014) . 70
The hierarchy of activity across the working memory network might depend, at least in 71 part, on distinctive properties of the neurons located in each area (Murray et al., 2014) . The functional differences between monkey V1 and DLPFC during working memory 82 tasks might be the product, at least in part, of regional differences in the properties of L3PNs 83 that provide a cellular substrate for the complex computations performed in DLPFC (Miller and 84 Cohen, 2001 ). However, the extent to which L3PNs differ between DLPFC and other 85 association cortical areas in the working memory network is less clear, as the limited data 86 currently available suggest both similarities and differences. For example, neurons in the 87 primate posterior parietal cortex (PPC), a key node in the working memory network, also exhibit 88 delay-related activity during working memory tasks (Constantinidis and Steinmetz, 1996 ; Chafee 89
and Goldman-Rakic, 1998), and PPC inactivation affects DLPFC neuron activity and working 90 memory task performance (Quintana et al., 1989; Chafee and Goldman-Rakic, 2000) . 91
Moreover, the PPC shares many cytoarchitectonic features (Beul et al., 2017; Goulas et al., 92 2018) and patterns of cortico-cortical connectivity (Selemon and Goldman-Rakic, 1988; Markov 93 Differential expression between regions was determined using a paired Student's t-test followed 242 by correction for multiple comparisons using Storey's method (Storey, 2002) . 243
Quantitative PCR. For qPCR verification, total RNA was extracted from pools of 500 L3PNs 244 from each region and converted to complementary DNA using the Superscript IV VILO 245
Mastermix (ThermoFisher). The PCR amplification was performed using Power SYBR green 246 dye and ViiA 7 Real-Time PCR system (Applied Biosystems, Carlsbad, CA). All primer sets 247 used in the qPCR analysis (Table 3) had a minimum primer efficiency of 97%, and all amplified 248 products resulted in a specific single product in dissociation curve analysis. β-Actin (ACTB), 249 guanine nucleotide-binding protein G(s) subunit alpha (GNAS), and glyceraldehyde-3-250 phosphate dehydrogenase (GAPDH), were used as endogenous reference genes. The use of 251 these normalizer genes was supported by the microarray data showing an absence of 252 difference in expression levels of these genes between DLPFC and PPC samples. The 253 difference in cycle thresholds (dCTs) was calculated for each sample by subtracting the 254 geometric mean of the 3 normalizers from the CT of the target transcript. Since dCT represents 255 the log2-transformed expression ratio of each target transcript to the reference genes, the 256 relative level of the target transcript for each subject is reported as 2 −dCT . 257
Validation of cell type-specificity of laser microdissection. To confirm that L3PN samples 258 collected by laser microdissection were enriched in PN markers, we assessed transcripts levels 259 of SLC17A7, the gene encoding the vesicular glutamate transporter 1 (a glutamatergic PN 260 marker), and SLC32A1, the gene encoding the vesicular GABA transporter 1 (a GABAergic 261 neuron marker). We found an enrichment of SLC17A7 to SLC32A1 that was on average 268-262 fold in DLPFC and 143-fold in PPC samples, respectively, confirming the enrichment in PN 263
transcripts. 264 265

Results
266
DLPFC L3PNs display greater electrophysiological diversity 267
We assessed the action potential firing pattern and other intrinsic membrane properties 268 in current clamp recordings obtained from L3PNs in slices from DLPFC area 46 or PPC areas 269 7a and LIP ( Figure 1A ). The response of the L3PNs to excitatory current injection revealed two 270 distinct firing pattern subtypes ( Figure 1B) , here termed regular spiking (RS-L3PNs) and 271 bursting (B-L3PNs). RS-L3PNs exhibited progressive and relatively weak adaptation of the firing 272 frequency during current injection. B-L3PNs displayed a transient depolarizing potential 273 following the first action potential, which triggered a burst of action potentials near the onset of 274 the stimulus and was followed by substantial spike frequency adaptation. Individual L3PNs were 275 classified as RS-L3PN or B-L3PN by plotting the instantaneous firing frequency for the first two 276 action potentials (iF1-2) versus stimulus current ( Figure 1C ). In RS-L3PNs, the iF1-2 increased 277 progressively with stimulus amplitude, reaching ~100 Hz frequency values at stimulus currents ≥ 278 200 pA above rheobase ( Figure 1C ). In contrast, the iF1-2 increased steeply in B-L3PNs, 279 reaching 100 Hz within 50 pA of rheobase ( Figure 1C ), as previously reported for pyramidal 280 neurons in rodent cortex (Graves et al., 2012) . While showing a steeper increase of iF1-2 as a 281 function of input current ( Figure 1C) , B-L3PNs also had stronger firing frequency adaptation 282 than RS-L3PNs ( Figure 1D ), as previously reported for monkey DLPFC L3PNs (Zaitsev et al., 283 2012) . Spike frequency adaptation, however, did not differ between cortical areas for each type 284 of L3PN ( Figure 1D) . 285
In DLPFC, the recorded neurons were equally divided between RS-L3PNs (22/44) and 286 B-L3PNs (22/44) ( Figure 1E ), whereas in PPC, 94.2% (49/52) of the recorded neurons were 287 RS-L3PNs and only 5.8% were B-L3PNs ( Figure 1E ). This regional difference in proportions of 288 the two cell types was highly significant (p=6.9x10 -7 , Chi Square test). 289
To test for differences in intrinsic membrane properties, we compared various 290 electrophysiological parameters of L3PNs from DLPFC and PPC. Given the few B-L3PNs found 291 in PPC (n=3), the differences between physiological subtypes of L3PNs were tested by 292 comparing B-L3PNs versus RS-L3PNs in the DLPFC, and the differences between DLPFC and 293 PPC were tested comparing RS-L3PNs from each region. Of the physiological parameters 294 assessed (Figure 2 ), four differed significantly between DLPFC B-L3PNs and RS-L3PNs, as 295 previously reported (Zaitsev et al., 2012 ). These differences include less spike frequency 296 adaptation (Figure 1 ), higher input resistance, smaller hyperpolarizing response sag, and larger 297 afterhyperpolarization amplitude in RS-L3PNs (Figure 2 where the dendrites sample inputs, differed between DLPFC and PPC L3PNs. Sholl analysis 329
performed to obtain measures of length ( Figure 4B ) and complexity ( Figure 4C ) across 330 compartments of the apical dendrites, likewise suggested an absence of difference between 331 DLPFC and PPC L3PNs. However, the reconstructed L3PNs had different soma depths (Figure  332 3), and therefore, in the Sholl plots, proximal dendrite compartments of some neurons were 333 aligned with more distal dendrites of other cells. To reduce this misalignment, we built scaled 334
Sholl plots dividing the apical dendrites of all L3PNs into an equal number of compartments. 335
The plots for scaled apical dendrites largely overlapped between DLPFC and PPC L3PNs 336 ( Figure 4D) , and neither the peak length nor the peak number of intersections differed 337 significantly between cortical areas in the oblique branch region or tuft of the apical dendrites 338 (Table 2) . 339
In contrast to the absence of difference in L3PN apical dendrites between areas, the 340 basal dendrites were significantly larger in DLPFC L3PNs than PPC L3PNs ( Figure 4E ), as 341 reflected in both the total length (~54 % larger) and convex hull volume (~43% larger). 342
Moreover, Sholl analysis showed robust differences in basal dendrite length ( Figure 4F ) and 343 complexity ( Figure 4G ) between L3PNs of DLPFC and PPC. These differences were confirmed 344 by analysis of scaled Sholl plots ( Figure 4H ), and by comparisons of the peak length and peak 345 number of intersections (Table 2) . Importantly, the number of primary basal dendrites originating 346 from the soma was similar between DLPFC (6.4 ± 0.5 dendrites, n=21) and PPC L3PNs (5.9 ± 347 0.3 dendrites, n=18; p=0.296, Mann Whitney U test). Hence, the greater length and complexity 348 of DLPFC versus PPC L3PN basal dendrites were associated with different properties of 349 individual basal dendritic trees. 350
Our data suggest that, at the single-cell level, basal dendrites contain a larger fraction of 351 the total dendrite length in DLPFC L3PNs compared to PPC L3PNs. Hence, we computed the 352 ratio between basal dendrite and total dendrite length for individual L3PNs, and found that this 353 ratio was significantly greater in DLPFC L3PNs (0.475 ± 0.019, n=21) than PPC L3PNs (0.380 ± 354 0.017, n=18; t(37)= 3.775, p=0.00056). Similar findings were obtained for the convex hull volume 355
values (data not shown). 356
The larger and more complex basal dendritic trees of DLPFC L3PNs are consistent with 357 integration of larger numbers of synaptic inputs. However, the number of inputs integrated also 358 depends on input density. Thus, we estimated excitatory input density in basal dendrites by 359 measuring the density of dendritic spines ( Figure 5A and increased with distance from the soma to reach a plateau by mid dendrite before declining 363 near the distal end ( Figure 5C ). Despite similar spatial profiles in DLPFC and PPC L3PNs, spine 364 density was higher in DLPFC L3PNs across multiple compartments (Figure5C,D). Furthermore, 365 both the peak spine density ( Figure 5E ) and the mean spine density (DLPFC L3PNs, n=20, 366 0.954 ± 0.036 spines/µm; PPC L3PNs, n=15, 0.673 ± 0.049 spines/µm; t(33)=4.691, p=0.000046) 367 were higher in DLPFC L3PN basal dendrites. The total number of basal dendrite spines per 368 L3PN, estimated using the mean spine density and total basal dendrite length, was 89% higher 369 in DLPFC L3PNs (DLPFC: 5082 ± 530 spines; PPC: 2689 ± 365 spines, t(28)=3.609, p=0.0012). 370
The differences in basal dendrite properties between cortical areas are independent of 371 physiological subtype 372
The differences in basal dendrites between DLPFC and PPC L3PNs could be attributed Next, we investigated if the higher spine density in DLPFC L3PN basal dendrites could 387 be attributed to higher spine density in B-L3PNs. We found that spine density was higher across 388 various compartments of the basal dendrites of DLPFC L3PNs ( Figure 6C ). Moreover, PPC RS-389
L3PNs had significantly lower basal dendrite spine density than either RS-L3PNs or B-L3PNs 390 from DLPFC, whereas the peak spine density was highest in DLPFC B-L3PNs ( Figure 6D) . 391
One-Way ANOVA analysis revealed that the total number of basal dendrite spines differed 392 significantly between L3PN groups (One-Way ANOVA F(2,30) = 7.798, p=0.0019). Total spine 393 numbers did not differ between DLPFC B-L3PNs (5343 ± 934 spines) and DLPFC RS-L3PNs 394 (5065 ± 536 spines, p=0.746), but the spine number in PPC RS-L3PNs (2746 ± 345 spines) was 395 lower than those in either B-L3PNs (p=0.0031) or RS-L3PNs (p=0.0024) from DLPFC. Hence, 396 the differences in basal dendrite length, complexity, and spine density between DLPFC and 397 PPC L3PNs cannot be attributed to the higher proportion of B-L3PNs in DLPFC. 398
DLPFC and PPC L3PNs differ in gene expression profiles 399
To determine if the observed differences in physiological and morphological properties 400 reflect regional differences in L3PN gene expression, we combined laser microdissection with 401 microarray profiling to compare the transcriptomes of DLPFC and PPC L3PNs. Using tissue 402 from 5 of the animals studied in the ex vivo (brain slice) experiments, we found that 753 probes 403 representing 678 unique transcripts were differentially expressed (q<0.1) in L3PNs between 404 DLPFC and PPC as illustrated in Figure 7A . Of the 678 unique transcripts, 636 were at least 405 partially annotated. Of the 636 transcripts, approximately half (n=315) had higher expression 406 levels in DLPFC than PPC, and the remainder (n=321) had higher expression in PPC. Table 3  407 reports the top 20 genes found to be differentially expressed by L3PNs in DLPFC area 46 or 408
PPC areas 7a and LIP. 409
Some of the genes identified near the top of the rank of differential expression in the 410 microarray analysis (Table 3 ) might contribute to the regional differences in L3PN phenotype. 411 Genes for voltage-gated Na + , K + and Ca 2+ channels were expressed in significant levels 420 by both DLPFC and PPC L3PNs. However, in accordance with the modest regional differences 421 in single-cell excitability, for most of these ion channel genes the differences in expression 422 levels between DLPFC and PPC L3PNs were not significant (data not shown). Interestingly, 423 among genes identified as differentially expressed in our microarray analysis is CACNA1G (1.9 424 fold higher in DLPFC L3PNs). 
CCDC160, ANK1, PPP3CB, NMI, SLC38A11, LBR, LOC697254, and ZYX). 451
For some genes here identified as differentially expressed in L3PNs from DLPFC versus 452 PPC (Table 3) , expression levels did not differ across areas of the monkey cortex in a prior 453 study (Bernard et al., 2012 ). This group includes 7 genes from Table 3 We found that L3PNs of monkey DLPFC and PPC could be classified according to two 463 major firing pattern subtypes. DLPFC contained equal proportions of regular spiking and 464 bursting L3PNs, whereas in PPC ~95% of the L3PNs were of the regular spiking subtype. 465 discrepancy between methods, possibly due to differences in tissue shrinkage or the fraction of 505 total dendritic tree reconstructed, experiments in brain slices and fixed tissue are consistent in 506 revealing regional differences in L3PN dendritic tree properties across areas of the primate 507
Morphological reconstructions
showed that, relative to PPC L3PNs, DLPFC L3PNs have larger 466 and more complex basal dendrites with higher spine density. Finally, significant differences in 467 gene expression revealed by transcriptome analysis suggest a molecular basis for the 468 differences in L3PN phenotypes between areas.
cortex. 508
Gene expression profiles of L3PNs in DLPFC and PPC 509
Transcriptome analysis revealed that DLPFC and PPC L3PNs differentially expressed 510 hundreds of genes, for many of which expression levels were previously found to vary across 511 regions of the monkey neocortex (Bernard et al., 2012) . However, other genes differentially 512 expressed by DLPFC versus PPC L3PNs may distinguish these cell types, as they were not 513 differentially expressed between areas of monkey cortex when whole cortical layers were 514 analyzed (Bernard et al., 2012) . PNs are more abundant (Chang and Luebke, 2007) . 557
Spike frequency adaptation destabilizes persistent firing (Carter and Wang, 2007) , an 558 activity pattern possibly mediating working memory storage (Constantinidis et al., 2018) , 559 however see . As RS-L3PNs had weaker spike frequency adaptation 560 than B-L3PNs, one possibility is that the RS phenotype facilitates persistent firing. Hence, in 561 DLPFC neuron ensembles, B-L3PNs may transmit top-down information for processes such as 562 cognitive control, and RS-L3PNs may mediate storage and/or maintenance of task-relevant 563 rules. Conversely, the predominantly RS-L3PN PPC population may be optimized for storage of 564 items in working memory, as suggested by neuroimaging studies (Hahn et al., 2018) . These 565 studies showed that storage capacity is strongly correlated with the PPC BOLD signal, and that, 566 in schizophrenia, such correlation is disrupted in association with decreased PPC activation and 567 storage capacity deficits (Hahn et al., 2018) . (here abbreviated as RS) or B-L3PNs (here abbreviated as B), using iF1-2 versus current plots 615 as illustrated in Figure 1C . The membrane properties reported in the figure were measured as 616 described in the methods section. Shown are the results of One-Way ANOVA analysis, or non-617 parametric Friedman's ANOVA followed by post-hoc contrasts. For two parameters (membrane 618 time constant and Rheobase) normality tests showed significant deviation from the normal 619 distribution of the raw or log-transformed data, hence the non-parametric test was employed. As 620 the number of B-L3PNs found in PPC slices was small (n=3), and membrane properties could 621 be characterized in just 2 of these 3 B-L3PNs, these were not included in the statistical analysis. Table 3 . 664 
